In this study, a regular perturbation technique is utilized to derive the modified Reynolds equation which is applicable to power-law lubricant. The performance of slider bearings including pressure distributions, velocity distributions, film thickness, load capacity, flow rate, shear force, and friction coefficient is also derived analytically for various , flow indices ( ), and outlet film thicknesses ( 0 ). These analytical solutions are clear to find the effects of the operation parameters rather than numerical methods. It can be simply and fast used for engineers. Subsequently, these proposed analytical solutions are used to analyze the lubrication performance of slider bearing with the power-law fluids.
Introduction
In all geometric-shaped sliders, wedge sliders provide the simplest support for fluid lubrication, and thus they are usually used as components of thrust slider bearings. With the development of modern machines, polymer oil, especially engine oil for vehicles such as multigrade crank case oil, is usually added to the lubricating oil in order to effectively reduce the friction loss of machine parts. However, such lubricants containing polymer belong to the non-Newtonian fluid type. As a result, the non-Newtonian characteristics of lubricants have become important. In recent years, there have been a great number of models used to describe non-Newtonian fluids. Among them, the power-law model is the simplest and most widely used. Safar and Shawki [1] divided fluids into three different categories: (1) Newtonian fluid, = 1, which is assumed as the type of ordinary pure fluid and gas; (2) dilatant fluids or shear-thickening fluids, > 1, which exhibit an increase in apparent viscosity with increasing shear rate; (3) pseudoplastic fluids, < 1, which are characterized by linearity at extremely low and extremely high shear rates.
With regard to investigating slider bearings, many scholars [2] [3] [4] have derived closed-form solutions of Newtonian fluid for different slider bearings shapes. Hamrock [5] analyzed pressure distributions, velocity distributions, maximum pressure, film thickness, load capacity per unit width, flow rate, and friction coefficient of fixed-incline slider bearings with Newtonian fluid. As mentioned above, the closed-form solutions focus on simple geometry shape and Newtonian fluid. However, many experiments have shown that base oil blended with long-chain additives to a Newtonian fluid gives the most preferable lubricant results and can improve the load-carrying capacity and reduce the friction parameter [6, 7] . Therefore, the use of non-Newtonian fluids as lubricants has become a more important issue with the industrial development. The non-Newtonian fluids are difficult to get closed-form solution, so many researchers used numerical method to solve bearings performances including pressure distributions and film thickness distributions. But closedform formulas can clearly find the effects of the operation parameters rather than numerical methods. It can be simply used for engineers.
For slider bearings with non-Newtonian fluids investigation, Dien and Elrod [8] employed the regular perturbation technique to expand the pressure and the velocity into series forms and then substituted them into the Navier-Stokes equation to derive a modified Reynolds equation for a powerlaw fluid model. Furthermore, the model was used to analyze the lubrication performance of journal bearings. Buckholz [9] used the power-law fluid model to analyze the load capacity and friction coefficient of slider bearings. Das [10] developed a set of algebraic equations in order to obtain 2 Advances in Mechanical Engineering the pressure gradient for any value of the power-law index. He used inclined and parabolic infinitely wide lubricated slider bearings to interpret this mathematical development and analyzed the variation of optimum load capacity, coefficient of friction, and so forth, with respect to simultaneous changes of the inlet-outlet film height ratio and of the power-law exponent of lubricants. Naduvinamani et al. [11] analyzed the lubrication performance of slider bearings with different shapes by using the coupling stress fluid model. They also discussed the influences of coupling stress and surface roughness parameters on load capacity and friction coefficient and temperature effect on slider bearings of different shapes. Lin [12] proposed an approximation closed-form solution for the MHD power-law film-shape slider bearings, in which special bearing characteristics of the inclined-plane shape and the parabolic-film profile can also be included.
As mentioned above, the lubrication performance analysis of power-law fluid on slider bearings is almost always obtained by numerical methods. The closed-form solutions of the hydrodynamic lubrication with power-law fluids were absent. Therefore, this paper proposes some analytical solutions for the power-law fluid model of slider bearings. Subsequently, we use these proposed solutions to analyze the lubrication performance of slider bearing with the power-law fluids.
Theoretical Analysis
In all geometric-shaped sliders, wedge sliders provide the simplest support for fluid lubrication. As shown in Figure 1 , a wedge slider is composed of a bottom plane surface that moves with speed and a fixed-incline top surface. The region between them is full of lubricant. The oil film thickness is ℎ at any point, the inlet clearance is ℎ 0 + ℎ , the outlet clearance is ℎ 0 , and the film thickness ℎ at the coordinate within the lubrication region can be expressed as
or in dimensionless form as
Because the fluid film is thin, the variation of pressure across the film thickness is negligible. It is also assumed that the fluid inertia and the body force are neglected. In addition, the viscosity and density are assumed to be pressure independent, and the flow is assumed to be steady and laminar. The lubricant in the system is taken to be a non-Newtonian power-law lubricant.
Mathematically, the viscosity equation of power-law fluid [9] is expressed as
where is the viscosity, / is the shear rate, is the consistency index, and is the flow index. On the hypothesis mentioned above, the Navier-Stokes equation can be simplified as
The boundary conditions are
To derive a modified Reynolds equation which is suitable for power-law fluid, the regular perturbation technique is used to expand all dependent variables into series type with a small amount (dimensionless amplitude), and then substitute it into (4) and integrate the equation with the boundary conditions (5a) and (5b); the velocity is obtained as
The equation of continuity is
Substituting the value of from (6) into (7) and integrating across the film, the steady modified Reynolds equation for power-law fluid can be derived as 
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The boundary conditions for (10) are
Integrating (10) gives
Making use of boundary conditions (12a) and (12b) gives
Substituting (14) and (15) into (13) gives
From (2), the location where the pressure gradient is equal to zero gives
Then, substituting (14) into (17) gives
From (16) and (17), the maximum pressure can be derived as
The dimensionless load-carrying capacity of the oil film per unit length is
Substituting (16) and (2) into (20) gives
The dimensionless volume flow rate per unit width is
where is the dimensionless of velocity:
Substituting (23) into (22) gives
The shear force components per unit width acting on the = 0 are 
The friction coefficient can be expressed as
Results and Discussion
To further understand the effects of non-Newtonian fluids on the lubrication performance of slider bearings, this paper discusses the steady state problem of linear contact of hydrodynamic lubrications. Figure 2 shows the influences of different flow indices on pressure and oil film thickness distributions of slider bearings. When the 0 is given, the oil film thickness distribution can be calculated by using (2) . It can also be shown from (16) that the pressure is the function of , , 0 , and . Thus, if and 0 remain fixed, the pressure distribution will vary with the . The greater the is, the greater the pressure distribution is. These phenomena can be explained by (3). The equivalent viscosity is | / | −1 . The greater the is, the greater the equivalent viscosity is, which also enlarges the normal load under the same slider bearing shape. Figure 3 shows the influences of different flow indices on velocity distributions along the film thickness at = 0.4 and = 0.9, respectively, under = 10.0 and 0 = 1.0 conditions. It can be seen from (10) and (14) that the pressure gradient is the function of , , 0 , and . Therefore, the greater the is, the greater the pressure gradient is. But, it can also be seen from (23) that the dimensionless velocity distribution along the film thickness direction is the function of , , 0 , pressure gradient, and . If , 0 , and remain fixed, then the smaller the is, the greater the velocity distribution is. Figure 4 shows the influences of different flow indices on maximum pressure ( ) and the film thickness at maximum pressure (ℎ ) at = 10.0 and 0 = 1.0. It can be shown from (14) that the ℎ is the function of and 0 . Thus, if 0 remains fixed, the ℎ will vary with the . The greater the is, the smaller the ℎ is, and the greater the is. It can also be shown from (19) that the is the function of , , and 0 . Thus, if and 0 remain fixed, the will vary with the . The greater the is, the greater the is. Note that the dimensionless is a function of and ℎ . Therefore, if the shoulder height remains fixed, the increases with the increasing speed. In addition, the shoulder height parameter implied a dimensionless parameter. Figure 5 shows the influences of different values on of slider bearings for three different flow indices ( = 0.5, 1.0, 1.5) and 0 = 1.0. Under the condition of = 0 + 1 − , Hamrock [5] solved the integrated form of the Reynolds equation for fixed-incline slider bearings with Newtonian fluid to obtain a close form solution of maximum pressure which is only the function of 0 . If 0 is fixed, then the will be fixed. When the lubricant is a non-Newtonian fluid, it can also be shown from (19) that the is the function of , , and 0 . Thus, if and 0 remain fixed, the will vary with . When > 1.0, the greater the is, the greater the is. However, when < 1.0, the greater is, the smaller is. Table 1 shows the influences of different values on the of slider bearings for two different flow indices ( = 0.5, 1.5) Table 2 : Load-carrying capacity and volume flow rate versus 0 with three different lubricants ( = 10.0). 0 = 0.5 = 1.0 = 1.5 and 0 = 1.0. Under the condition of = 0 + 1 − , Hamrock [5] solved the integrated form of the Reynolds equation for fixed-incline slider bearings with Newtonian fluid to obtain a close form solution of which is only the function of 0 . If 0 is fixed, then will be fixed. When the lubricant is a non-Newtonian fluid, it can also be shown from (21) that the is the function of , , and 0 . Thus, if and 0 remain fixed, will vary with the . When > 1.0, the greater is, the greater is. However, when < 1.0, the greater the is, the smaller the is. Figure 6 shows the influences of different 0 values on the and the ℎ for three different flow indices ( = 0.5, 1.0, 1.5) and = 10.0. It can be shown from (14) that the ℎ is the function of and 0 . Thus, if the remains fixed, the ℎ will vary with 0 . Therefore, the greater the 0 is, the greater the ℎ is. In addition, the greater the is, the smaller the ℎ is. It can also be shown from (19) that the is the function of , , and 0 . Thus, if and the remain fixed, the will vary with the 0 . The greater the 0 is, the smaller the wedge effect is, and the smaller is. Table 2 shows the influences of different 0 values on and for three different flow indices ( = 0.5, 1.0, 1.5) and = 10.0. The is a function of , , and 0 , as shown in (21). Thus, if and remain fixed, will vary with 0 . Therefore, the greater the 0 is, the smaller the wedge effect is and the smaller the is. The is a function of and 0 as shown in (24). Thus, if the flow indices remain fixed, the will vary with 0 . The greater the 0 is, the greater the is. In addition, the greater the is, the smaller the is. Moreover, it can be shown from (21) that the is the function of , , and 0 . Thus, if and 0 remain fixed, the will vary with . The greater the is, the greater the is. It can be also shown from (24) that the is the function of and 0 . Thus, if 0 remains fixed, the will vary with the . The greater the is, the smaller the is. Figure 7 shows the influences of different 0 values on the shear force and the friction coefficient for three different flow indices ( = 0.5, 1.0, 1.5) and = 10.0. It can be shown from (26) and (28) that shear force is the function of , , and 0 . Thus, if the and remain fixed, shear force will vary with 0 . The greater the 0 is, the greater the shear force on bottom surface is. It can be shown from (21), (26), and (29) that friction coefficient is the function of , , and 0 . Thus, if and remain fixed, friction coefficient will vary with 0 . Therefore, the greater the 0 is, the greater the friction coefficient is. The greater the is, the smaller the friction coefficient is.
Conclusions
In this paper, a regular perturbation technique is utilized to derive the modified Reynolds equation which is applicable to power-law lubricants. The performance of slider bearings is also derived analytically for various , , , and 0 . The pressure and velocity distribution are the function of , , 0 , and . The load-carrying capacity and shear force are a function of , , and 0 . The volume flow rate and ℎ are a function of and 0 . These analytical solutions can clearly find the effects of the operation parameters rather than numerical methods. The researcher can use these equations to analyze the performance of slider bearings with power-law lubricants. 
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